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new ischemic/functional mitral regurgitation annuloplasty rings?Wolfgang Bothe, MD,a Julia C. Swanson, MD,a Neil B. Ingels, PhD,a,b and D. Craig Miller, MDaFrom th
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DObjective: Disproportionate reduction of the mitral septal–lateral annular dimension is the goal in the surgical
treatment of ischemic or functional mitral regurgitation and avoids the need for ring ‘‘downsizing.’’ How
much the new annuloplasty rings designed for patients with ischemic/functional mitral regurgitation reduce
annular septal–lateral dimension, however, is proprietary information and debated.
Methods: Outer and inner septal–lateral and commissure–commissure diameters of all available sizes of Edwards
GeoForm, Edwards IMR ETlogix (both Edwards Lifesciences, Irvine, Calif), St Jude Medical Rigid Saddle
Annuloplasty Ring (St Jude Medical, Inc, St Paul, Minn), and Medtronic Profile 3D (Medtronic, Minneapolis,
Minn) annuloplasty rings with and without the fabric covering were measured with electronic calipers. These
rings were compared with a Carpentier–Edwards Physio ring (Edwards Lifesciences) to assess the relative
amount of septal–lateral and commissure–commissure dimension change. Average fractional changes (% 1
standard deviation) versus the Physio ring were calculated.
Results: The GeoForm provided the greatest outer septal–lateral reduction relative to Physio ring (24% 2%),
followed by the IMR ETlogix (9% 2%) and Profile 3D (8% 5%). The septal–lateral diameter of the Rigid
Saddle Annuloplasty Ring was similar to that of the Physio ring (þ1%  3%). Although commissure–commis-
sure outer diameters of the IMR ETlogix, Rigid Saddle Annuloplasty Ring, and Profile 3D were similar to that of
the Physio ring (0% 2%,þ4% 3%, andþ3% 4%, respectively), the GeoForm had a larger commissure–
commissure dimension (þ12% 2%). The inner diameter septal–lateral reductions were even more pronounced.
Conclusions: Relative to the Physio ring, the GeoForm has the most outer and inner septal–lateral reduction but
larger commissure–commissure dimension; the IMR ETlogix and Profile 3D provide a moderate degree of septal–
lateral reduction without affecting commissure–commissure dimension, and Rigid Saddle Annuloplasty Ring
septal–lateral and commissure–commissure diameters are similar to those of the Physio ring. Knowing the degree
of disproportionate septal–lateral downsizing inherent in each ring type will help guide surgical decision making.
(J Thorac Cardiovasc Surg 2010;140:117-21)Supplemental material is available online.
Mitral annular septal–lateral (S–L) dilatation causing leaflet
malcoaptation is a major contributing factor to the develop-
ment of ischemic/functional mitral regurgitation (IMR/
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The Journal of Thoracic and Carepair for IMR/FMR is to overcome this process by reducing
the S–L dimension of the annulus. Conventional undersized
annuloplasty rings (ARs), however, decrease both S–L and
commissure–commissure (C–C) annular dimensions and
thus might decrease mitral orifice area excessively and
have been associated with high rates of recurrent mitral regur-
gitation.3 Therefore new disease-specific ARs have been de-
signed that disproportionately reduce the mitral annular S–L
dimension and therefore avoid the need for aggressive ring
‘‘downsizing.’’4-6 Whether and/or how much these new
rings reduce S–L dimension, however, is proprietary infor-
mation and debated. The absence of this information hampers
optimal surgical decision making as to which ring type to use
and might adversely affect outcomes after mitral valve repair
for IMR/FMR.7 The goal of this study was to assess the
amount of disproportionate mitral annular S–L reduction in-
herent in 4 new ARs that have been recently introduced for
the surgical treatment of IMR/FMR.MATERIALS AND METHODS
One AR of each available size of the Carpentier–Edwards Physio ring,
Edwards GeoForm, Edwards IMR ETlogix (all Edwards Lifesciences,rdiovascular Surgery c Volume 140, Number 1 117
FIGURE 1. Schematic illustrating septal-lateral (A) and commissure-com-
missure (B) dimensions of the annuloplasty rings measured. (A) A, outer
S–L diameter with fabric; B, inner S–L diameter with fabric; E, outer S–L
diameter without fabric; F, inner S–L diameter without fabric. (B) C, outer
C–C diameter with fabric; D, inner C–C diameter with fabric; G, outer C–C
diameter without fabric; H, inner C–C diameter without fabric.
Abbreviations and Acronyms
AR ¼ annuloplasty ring
C–C ¼ commissure–commissure
IMR/FMR ¼ ischemic/functional
mitral regurgitation
SD ¼ standard deviation
S–L ¼ septal–lateral
3-D ¼ 3-dimensional
2-D ¼ 2-dimensional
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DIrvine, Calif), St Jude Medical Rigid Saddle Annuloplasty Ring (RSAR; St
Jude Medical, Inc, St Paul, Minn), and Medtronic Profile 3D (Medtronic,
Minneapolis, Minn) were provided by the manufacturers. Outer and inner
S–L and C–C diameters of each AR were measured with an electronic
caliper in their preimplanted state (Mitutoyo MIT500-193; Absolute
Digimatic Caliper, Mitutoyo Corp, Aurora, Ill).
The resolution of the caliper was 0.01 mm, and the accuracy was
0.04 mm. Dimensions were assessed with and without the fabric sewing
cuff. Diameters were labeled from A to H to facilitate data comparison as
follows: A, outer S–L with fabric; B, inner S–L with fabric; C, outer C–C
with fabric; D, inner C–C with fabric; E, outer S–L without fabric;
F, inner S–L without fabric; G, outer C–C without fabric; and H, inner
C–C without fabric (Figure 1). A Carpentier–Edwards Physio ring was
used as a reference standard to assess the relative amount of S–L and
C–C dimension change. The average fractional changes (% 1 standard
deviation [SD]) in S–L and C–C diameter versus those of the Physio ring
were calculated. Average fractional changes (% 1 SD) in S–L/C–C
ratio of the respective rings were assessed to assess the amount of dispro-
portionate S–L reduction.
The inside orifice area of the fabric-covered rings was assessed from
top-view pictures (Figure 2, upper column) to compute 2-dimensional
(2-D) projected orifice areas by using Adobe Photoshop CS3 Extended
(Adobe Systems, Inc, San Jose, Calif). These 2-D orifice areas were
compared with a Carpentier–Edwards Physio ring, and average
fractional area changes (% 1 SD) versus the Physio ring were calcu-
lated.RESULTS
Figure 2 shows pictures of the ARs studied (all size 30) as
viewed from the left atrium to provide a visual comparison
of the dimensions, shape, and outer and inner construction
of the rings. The upper row shows the rings with the fabric
covering (woven polyester for the Physio ring, ETlogix,
and Profile 3D; polyester velour for the GeoForm; and poly-
ester double velour that folds on itself to create a suture cuff
for the RSAR). The oval shape of the Physio ring, the D-
shape of the RSAR, the ‘‘dog-bone shape’’ of the GeoForm,
the ‘‘heart shape’’ of the Profile 3D, and the asymmetric
shape of the IMR ETlogix with reduced arc in the P3 ring
segment can be appreciated. The middle row shows the
metal cores of the Physio ring, GeoForm, IMR ETlogix,
and Profile 3D with the silicone cuffs. The lower row shows
the metal core for all ring types (Elgiloy for Physio ring and
titanium alloy for GeoForm, IMR ETlogix, RSAR, and Pro-
file 3D).118 The Journal of Thoracic and Cardiovascular SurgS–L and C–C Dimensions
Tables E1 and E2 summarize the S–L and C–C dimen-
sions of all rings in all sizes and their percentage change
versus those of the Physio ring with (Table E1) and without
(Table E2) the fabric covering. The ring diameters do not
correlate with their nominally labeled sizes except for the
inner C–C diameter of the Physio ring without the fabric
covering (H). S–L dimension was largest for the Physio
ring and RSAR, smaller for the IMR ETLogix, and smallest
for the GeoForm. Note that the outer S–L dimension with
fabric (A) of the largest (size 32) GeoForm ring was 19.7
mm, which is smaller than the S–L dimension of the smallest
available Physio ring (A: 20.4 mm, size 24). Tables E1 and
E2 also demonstrate that the percentage change in S–L di-
mension versus the Physio ring might not only vary depend-
ing on the diameter being assessed (inner or outer, with or
without cloth; eg, GeoForm, size 26, A:22%, B:39%)
but also varies between different ring sizes; for example,ery c July 2010
FIGURE 2. Top (left atrial) view of the annuloplasty rings compared (all size 30). The upper row shows the rings with the fabric covering, the middle row
shows the rings without the fabric but with the rubber core (not present in RSAR), and the lower row shows just the pure metal ring. The white bar indicates the
scale (10mm).
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Dthe Profile 3D S–L dimension in the smaller sizes has less
S–L reduction compared with the Physio ring (size 24, A:
þ1%), whereas the larger Profile 3D sizes provide a greater
degree of S–L downsizing (size 40, A:16%). Interestingly,
the dimensions of the Profile 3D 24 and 26 size rings are al-
most identical, as are those of the 38 and 40 size rings.Average Fractional Changes in S–L and C–C
Dimensions
Average fractional changes in S–L and C–C dimensions
assessed with and without the fabric covering versus those
of the Physio ring are depicted in Figure 3, A and B, respec-
tively. With the fabric covering (Figure 3, A), the GeoForm
provides the greatest S–L reduction relative to the Physio
ring (A:24%  2%, B:38%  2%), followed by the
IMR ETlogix (A:9%  2%, B:14%  2%) and Profile
3D (A:8%  5%, B:15%  3%). The outer S–L diam-
eter (A) of the RSAR was almost identical to that of the
Physio ring (A:þ1%  3%), whereas the inner diameter
(B) was slightly smaller (B:6% 2%). Although the outer
C–C diameters with fabric (C) of the IMR ETlogix, RSAR,
and Profile 3D were similar to that of the Physio ring (0%
2%,þ4%  3%, andþ3%  4%, respectively), the Geo-
Form had a larger outer C–C dimension (C:þ12%  2%).Measured Versus Claimed S–L and C–C Dimensions
Tables E3 and E4 show the ring dimensions provided by
the manufacturers with and without fabric covering, respec-
tively, along with the differences between these specifica-
tions and the dimensions we measured. The outer and
inner S–L diameters of the Physio ring and ETLogix with
fabric (A and B, respectively), as well as the outer S–LThe Journal of Thoracic and Cadiameters of the GeoForm and Profile 3D with fabric cover-
ing (A) were not provided by the manufacturers (Table E3).
The RSAR was the only ring for which the clinically impor-
tant outer S–L dimension with fabric covering (A) was pro-
vided. The only dimension that was provided by all
manufacturers for all ring types was the inner C–C diameter
without the fabric covering. The average difference between
measured diameters and the manufacturers’ numbers (mea-
sured minus claimed) was 0  0.9 mm (range,2.5 toþ2.0
mm).S–L/C–C Ratios
The average fractional changes in inner and outer S–L/
C–C ratios with and without fabric covering versus the
Physio ring are shown in Figure 4. Compared with the Physio
ring, the GeoForm had the smallest S–L/C–C ratios (ie, most
disproportionate S–L reduction), which ranged from29%
 1% (F/H) to23%  1% (A/C), followed by the IMR
ETlogix (ranging from8%  1% [F/H] to6%  1%
[E/G]), Profile 3D (11%  2% [B/D] to 8%  2%
[A/C]), and RSAR (5% 2% [F/H] to2% 1% [A/C]).Ring Orifice Areas
The 2-D orifice areas of the respective ARs along with rel-
ative fractional changes versus the Physio ring are summa-
rized in Table E5. Compared with the Physio ring, all sizes
had smaller orifice areas compared with rings of the same
nominal size. Figure 5 depicts average fractional changes
in ring orifice area versus the Physio ring. Surprisingly, re-
duction in orifice area was greatest with the Profile 3D
(22%  8%) followed by the GeoForm and IMR ETlogixrdiovascular Surgery c Volume 140, Number 1 119
FIGURE 3. Average fractional changes (%1 standard deviation) in septal–lateral (S–L) and commissure–commissure (C–C) dimension versus the Car-
pentier-Edwards Physio ring with fabric covering (A) and without fabric covering (B). (A) A, outer S–L dimension with fabric; B, inner S–L dimension with
fabric; C, outer C–C dimension with fabric; and D, inner C–C dimension with fabric. (B) E, outer S–L dimension without fabric; F, inner S–L dimension
without fabric; G, outer C–C dimension without fabric; and H, inner C–C dimension without fabric.
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D(17%  3% and15%  2%, respectively), whereas the
RSAR’s orifice area was only slightly smaller (6% 2%).
DISCUSSION
The main findings of this simple mathematic in vitro ex-
ercise were as follows: (1) relative to the Physio ring, the
GeoForm reduces annular S–L dimension to the greatest ex-
tent while slightly increasing the C–C diameter, and thus the
GeoForm provides the most disproportionate reduction in
mitral annular S–L diameter; (2) the IMR ETlogix and Pro-
file 3D provide a moderate degree of disproportionate S–L
reduction; and (3) the S–L and C–C dimensions of the
RSAR and Physio ring are similar.
Knowing the precise dimensions of mitral ARs is impor-
tant to accurately predict the effects induced by ring implan-FIGURE 4. Average fractional changes (%1 standard deviation) septal–
lateral (S–L)/commissure–commissure (C–C) ratio versus Carpentier–Ed-
wards Physio ring. A/C, Outer S–L diameter/outer C–C diameter with fab-
ric; B/D, inner S–L/inner C–C with fabric; E/G, outer S–L/outer C–C
without fabric; F/H, inner S–L/inner C–C without fabric.
120 The Journal of Thoracic and Cardiovascular Surgtation on mitral annular and left ventricular geometry, but
unfortunately, such dimensions are proprietary and often
incompletely available. Furthermore, such dimensions
might not be accurate.8 Such a disparity might not only ham-
per optimal AR sizing but might also affect outcomes after
mitral valve repair, as speculated by Kunzelman and col-
leagues.7 Although in our study the average difference be-
tween diameters we measured and those claimed by the
manufacturers (assessed minus claimed) was trivially small
(0 0.9 mm), the maximum individual disparity was as high
as2.5 mm (for the Profile 3D, size 32, D).
Our measurements demonstrated that the GeoForm pro-
vides the greatest amount of disproportionate S–L reduction
(Figures 3 and 4) of all rings measured. Interestingly, the
outer S–L dimension with fabric (A) of the largest available
GeoForm (size 32) was 19.7 mm, which is even smaller than
the same dimension of the smallest available Physio ringFIGURE 5. Average fractional changes (% 1 standard deviation) in pro-
jected 2-dimensional (2-D) ring orifice area versus the Carpentier–Edwards
Physio ring.
ery c July 2010
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D(size 24, A: 20.4 mm). Such considerable downsizing of the
S–L dimension might on one hand recreate the most leaflet
coaptation but on the other hand might adversely affect leaf-
let stresses by deforming the leaflets markedly or possibly
impairing left ventricular contractile function, as shown
experimentally by Nguyen and associates9 from our labora-
tory, in the left ventricular transmural cardiac and fiber-sheet
strain domain. Further studies are needed to investigate
whether this extreme amount of S–L annular downsizing
is associated with unrecognized side effects.
Our observations spawn several questions. First, when
considering ARs intended to disproportionately decrease
mitral S–L dimension, to what standard should they be com-
pared? We chose to compare the newly designed rings with
the Carpentier–Edwards Physio ring because it is commonly
used and purportedly a physiologically shaped AR.
Second, is it sufficient for the surgeon to know only the
degree of S–L reduction of an AR as opposed to knowing
the degrees of both S–L and C–C reduction? With respect
to the surgical treatment of IMR/FMR, we believe that it is
important for the surgeon to gauge the amount of dispropor-
tionate S–L reduction required to create adequate leaflet co-
aptation height and area. Therefore it would be better to
provide both S–L and C–C dimensions.
Third, what diameter (outer or inner; with or without fabric)
should be chosen to express the actual degree of S–L reduc-
tion? This study revealed that the amount of downsizing varies
depending on the diameter chosen. For the GeoForm, for ex-
ample, S–L reduction ranges from24%  2% to39% 
1% (outer S–L with fabric [A] vs inner S–L without fabric
[F]; Figure 3, A and B, respectively). Given that the anatomic
mitral annulus is sutured to the outer side of the AR, providing
a range of S–L reduction that refers to the outer diameter (with
and without fabric) probably is the most practical approach.
Fourth, how do the S–L and C–C dimensions correlate with
ring orifice area? Surprisingly, although the GeoForm pro-
vides a greater reduction in S–L dimension than the IMR ET-
logix, the reduction in orifice area associated with the
GeoForm and ETlogix rings are almost the same; indeed,
the Profile 3D actually has the smallest ring orifice areas.
This reflects the heterogeneity and complexity of these newly
designed IMR/FMR ring types and emphasizes the impor-
tance of taking all ring specifications into consideration before
choosing which one is best for an individual patient.
Fifth, does the 3-dimensional (3-D) shape of an AR affect
the postoperative amount of leaflet coaptation? Although it
has been shown that the Profile 3D might preserve mitral an-
nular nonplanarity and anterior mitral leaflet curvature,10 to
date, no experimental studies exist demonstrating the effect
of alterations in 3-D AR shape on postoperative coaptation
height. Because it is difficult to quantify each ring’s unique
3-D shape, we focused on describing the S–L and C–C diam-
eters and the 2-D projected orifice areas, which can easily be
compared between rings. Given the complex design of theThe Journal of Thoracic and Canew ARs, however, comparison of S–L and C–C diameters
might not be sufficient to accurately predict postoperative
valve geometry or its effects on left ventricular geometry.
Therefore further experimental and clinical studies are
needed to investigate the effects of different 3-D AR shapes
on the amount of leaflet coaptation that can be achieved.
Finally, will these complex 3-D shapes effectively prevent
late MR recurrence in patients undergoing mitral valve ring an-
nuloplasty for IMR/FMR; that is, does the GeoForm ring ef-
fectively counteract ongoing left ventricular remodeling and
apical leaflet tethering after annuloplasty for IMR/FMR, or
do the RSAR and Profile 3D enhance long-term repair durabil-
ity by virtue of their 3-D saddle shape? All of these questions
point to the need for additional clinical studies.
In summary, relative to the Physio ring, the GeoForm re-
duces annular S–L dimension to the greatest extent while
slightly increasing C–C diameter, thereby creating the most
disproportionate reduction in mitral annular S–L diameter.
The IMR ETlogix and Profile 3D provide a moderate degree
of disproportionate S–L reduction. The RSAR ring’s dimen-
sions are similar to those of the Physio ring. Knowing the de-
gree of disproportionate S–L downsizing associated with
each ring type and size should help guide surgical decision
making. Future studies are needed to determine whether
any of these new disease-specific designed ARs will be effec-
tive in reducing the likelihood of recurrent mitral regurgita-
tion and prompt more left ventricular reverse remodeling
after mitral annuloplasty in patients with IMR/FMR.References
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TABLE E1. Measured annuloplasty ring dimensions with fabric
Physio ring GeoForm IMR ETlogix RSAR Profile 3D
Ring
size A B C D A B C D A B C D A B C D A B C D
24 20.4 15.3 27.3 22.0 19.0 (7) 13.0 (15) 27.9 (þ2) 21.7 (2) 21.5 (þ5) 14.0 (8.5) 29.3 (þ8) 22.4 (þ2) 20.6 (þ1) 13.4 (12) 30.4 (þ11) 24.0 (þ9)
26 21.9 16.6 29.4 24.5 17.1 (22) 10.1 (39) 33.7 (þ15) 26.9 (þ10) 20.3 (7) 14.0 (16) 30.0 (þ2) 23.8 (3) 22.3 (þ2) 15.3 (7.9) 31.3 (þ6) 24.4 (0) 20.4 (7) 14.0 (16) 30.4 (þ3) 23.7 (3)
28 23.7 17.7 32.4 26.6 18.2 (23) 11.3 (36) 35.8 (þ10) 29.0 (þ9) 21.5 (9) 15.2 (14) 32.2 (1) 25.6 (4) 23.6 (0) 16.8 (5.1) 33.3 (þ3) 26.4 (1) 22.7 (4) 15.4 (13) 34.4 (þ6) 27.8 (þ5)
30 25.0 18.6 34.3 28.8 18.6 (26) 11.9 (36) 38.2 (þ11) 31.0 (þ8) 22.5 (10) 16.5 (11) 33.7 (2) 27.6 (4) 25.5 (þ2) 18.1 (2.6) 35.5 (þ3) 28.6 (1) 24.1 (3) 16.5 (11) 36.2 (þ5) 29.6 (þ3)
32 26.2 20.6 36.3 30.8 19.7 (25) 12.6 (39) 39.9 (þ10) 33.0 (þ7) 23.7 (10) 17.8 (14) 35.8 (1) 29.6 (4) 26.5 (þ1) 19.5 (5.1) 36.9 (þ2) 30.6 (1) 23.6 (10) 17.4 (15) 36.9 (þ2) 29.7 (4)
34 28.4 22.0 38.6 32.7 24.8 (13) 18.7 (15) 37.7 (2) 31.5 (4) 27.8 (2) 21.0 (4.6) 38.9 (þ1) 32.6 (0) 24.8 (13) 17.8 (19) 38.7 (0) 32.2 (2)
36 29.6 23.4 40.9 34.6 25.8 (13) 18.7 (20) 40.6 (1) 33.8 (2)
38 31.1 24.6 43.0 36.8 27.7 (11) 21.1 (14) 44.5 (þ3) 37.9 (þ3)
40 32.9 26.3 44.8 38.6 27.5 (16) 21.4 (19) 44.6 (1) 37.9 (2)
A through D represent ring dimensions assessed with fabric: A, outer septal–lateral (S–L) diameter; B, inner S–L diameter; C, outer commissure–commissure (C–C) diameter; D, inner C–C diameter. Values are shown are in millimeters,
and values in parentheses indicate the percentage change relative to the Carpentier–Edwards Physio ring.
TABLE E2. Measured annuloplasty ring dimensions without fabric
Physio ring GeoForm IMR ETlogix RSAR Profile 3D
Ring
size E F G H E F G H E F G H E F G H E F G H
24 18.0 16.6 25.0 23.6 16.5 (8) 14.0 (16) 25.6 (þ3) 23.0 (2) 18.1 (0) 14.4 (13) 26.6 (þ7) 22.9 (3) 17.7 (2) 15.4 (7) 28.5 (þ14) 26.0 (þ10)
26 19.3 18.0 27.1 25.7 13.8 (28) 11.1 (38) 30.3 (þ12) 27.8 (þ8) 17.8 (8) 15.0 (16) 27.5 (þ2) 24.8 (3) 19.5 (þ1) 15.8 (12) 28.7 (þ6) 25.0 (3) 17.7 (8) 15.4 (14) 28.4 (þ5) 26.0 (þ1)
28 20.7 18.9 29.6 28.0 14.1 (32) 11.4 (40) 32.4 (þ10) 29.9 (þ7) 19.0 (8) 16.2 (14) 29.4 (1) 26.7 (4) 21.0 (þ1) 17.2 (9) 30.8 (þ4) 27.0 (3) 20.0 (3) 17.7 (6) 32.4 (þ10) 30.1 (þ8)
30 21.8 20.2 31.5 29.9 15.0 (31) 12.6 (37) 34.4 (þ9) 32.0 (þ7) 20.1 (8) 17.2 (14) 31.3 (0) 28.6 (4) 22.3 (þ2) 18.6 (8) 32.8 (þ4) 28.9 (3) 21.2 (3) 18.7 (7) 34.4 (þ9) 32.1 (þ8)
32 23.4 21.6 33.9 32.0 15.9 (32) 13.3 (39) 36.4 (þ7) 34.0 (þ6) 21.2 (10) 18.4 (15) 33.3 (2) 30.7 (4) 23.7 (þ1) 20.0 (7) 34.9 (þ3) 31.1 (3) 21.2 (10) 18.9 (12) 34.5 (þ2) 32.1 (0)
34 24.9 22.9 35.9 34.0 22.3 (10) 19.8 (14) 35.1 (2) 32.5 (5) 24.8 (0) 21.2 (8) 36.7 (þ2) 32.9 (3) 22.1 (11) 19.9 (13) 36.4 (þ1) 34.0 (0)
36 26.4 24.1 37.9 35.9 23.3 (12) 20.8 (14) 38.4 (þ1) 36.1 (þ1)
38 28.1 25.5 40.0 38.0 25.4 (9) 23.2 (9) 42.4 (þ6) 40.2 (þ6)
40 29.8 27.4 42.0 39.6 25.2 (15) 23.1 (16) 42.3 (þ1) 40.1 (þ1)
E through F represent ring dimensions assessed without fabric: E, outer septal–lateral (S–L) diameter; F, inner S–L diameter; G, outer commissure–commissure (C–C) diameter; H, inner C–C diameter. Values shown are in millimeters.
Values in parentheses indicate the percentage change relative to the Carpentier–Edwards Physio ring.
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TABLE E3. Annuloplasty ring dimensions with fabric provided by manufacturers
Physio ring GeoForm IMR ETlogix RSAR Profile 3D
Ring
size A B C D A B C D A B C D A B C D A B C D
24 DNP DNP 28.7 (1.4) 22.9 (0.9) DNP DNP 28.2 (0.3) 21.8 (0.1) 21.3 (þ0.1) 13.6 (þ0.4) 30.0 (0.7) 22.0 (þ0.4) DNP 13.4 (0) 30.5 (0.1) 24.2 (0.2)
26 DNP DNP 30.7 (1.3) 24.9 (0.4) DNP 10.3 (0.2) 34.2 (0.5) 26.4 (þ0.5) DNP DNP 30.1 (0.1) 23.7 (þ0.1) 22.6 (0.2) 15.1 (þ0.2) 32.0 (0.8) 24.0 (þ0.4) DNP 14.5 (0.5) 32.5 (2.1) 26.2 (2.5)
28 DNP DNP 32.9 (0.5) 26.9 (0.3) DNP 11.3 (þ0.1) 36.2 (0.4) 28.4 (þ0.6) DNP DNP 32.1 (þ0.1) 25.7 (0.1) 24.3 (0.7) 16.2 (þ0.6) 34.0 (0.7) 26.0 (þ0.4) DNP 15.6 (0.2) 34.5 (0.1) 28.2 (0.4)
30 DNP DNP 34.9 (0.6) 28.9 (0.1) DNP 11.9 (0.1) 38.3 (0.1) 30.5 (þ0.5) DNP DNP 34.0 (0.3) 27.6 (0) 25.9 (0.3) 17.9 (þ0.2) 36.0 (0.5) 28.0 (þ0.6) DNP 16.7 (0.2) 36.5 (0.3) 30.2 (0.6)
32 DNP DNP 37.1 (0.8) 30.9 (0.1) DNP 12.6 (0.3) 40.3 (0.4) 32.5 (þ0.5) DNP DNP 35.9 (0.1) 29.5 (þ0.1) 26.6 (0.1) 19.2 (þ0.4) 38.0 (1.1) 30.0 (þ0.6) DNP 17.8 (0.4) 38.5 (1.6) 32.2 (2.5)
34 DNP DNP 39.1 (0.5) 32.9 (0.2) DNP DNP 37.8 (0.1) 31.4 (þ0.1) 28.5 (0.7) 20.6 (þ0.4) 40.0 (1.1) 32.0 (þ0.6) DNP 18.9 (1.1) 40.5 (1.8) 34.2 (2.0)
36 DNP DNP 41.2 (0.4) 34.8 (0.2) DNP 19.8 (1.1) 42.5 (1.9) 36.2 (2.4)
38 DNP DNP 43.2 (0.2) 36.8 (0) DNP 20.9 (þ0.2) 44.5 (0) 38.2 (0.3)
40 DNP DNP 45.3 (0.5) 38.7 (0.2) DNP 22.0 (0.6) 46.5 (1.9) 40.2 (2.3)
A through D represent ring dimensions provided with fabric: A, outer septal–lateral (S–L) diameter; B, inner S-L diameter; C, outer commissure–commissure (C–C) diameter; D, inner C–C diameter. Values shown are in millimeters.
Values in parentheses indicate the difference in millimeters between diameters assessed and claimed (assessed minus claimed). DNP, Data not provided.
TABLE E4. Annuloplasty ring dimensions without fabric provided by the manufacturers
Physio ring GeoForm IMR ETlogix RSAR Profile 3D
Ring size E F G H E F G H E F G H E F G H E F G H
24 DNP DNP DNP 24.0 (0.4) DNP 13.8 (0.2) DNP 23.0 (0) DNP DNP DNP 23.0 (0.1) DNP DNP DNP DNP
26 DNP DNP DNP 26.0 (0.3) DNP DNP DNP 27.9 (0.1) DNP 15.0 (0) DNP 24.9 (0.1) DNP DNP DNP 25.0 (0) DNP DNP DNP DNP
28 DNP DNP DNP 28.0 (0) DNP DNP DNP 30.0 (0.1) DNP 16.1 (0.1) DNP 26.8 (0.1) DNP DNP DNP 27.0 (0) DNP DNP DNP DNP
30 DNP DNP DNP 30.0 (0.1) DNP DNP DNP 32.0 (0) DNP 17.3 (0.1) DNP 28.8 (0.2) DNP DNP DNP 29.0 (0.1) DNP DNP DNP DNP
32 DNP DNP DNP 32.0 (0) DNP DNP DNP 34.0 (0) DNP 18.4 (0) DNP 30.7 (0) DNP DNP DNP 31. (þ0.1) DNP DNP DNP DNP
34 DNP DNP DNP 34.0 (0) DNP 19.6 (0.1) DNP 32.6 (0.1) DNP DNP DNP 33.0 (0.1) DNP DNP DNP DNP
36 DNP DNP DNP 36.0 (0.1) DNP DNP DNP DNP
38 DNP DNP DNP 38.0 (0) DNP DNP DNP DNP
40 DNP DNP DNP 40.0 (0.4) DNP DNP DNP DNP
E through H represent ring dimensions provided without fabric: E, outer septal–lateral (S–L) diameter; F, inner S–L diameter; G, outer commissure–commissure (C–C) diameter; H, inner C–C diameter. Values are shown are in mil-
limeters. Values in parentheses indicate the difference in millimeters between diameters assessed and claimed (assessed minus claimed). DNP, Data not provided.
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TABLE E5. Measured 2-dimensional projected orifice areas of
annuloplasty rings
Ring
size
Orifice areas (mm2)
Physio ring GeoForm ETlogix RSAR Profile 3D
24 263 225 (14) 241 (8) 237 (10)
26 311 257 (17) 259 (17) 290 (7) 221 (29)
28 358 311 (13) 317 (11) 350 (2) 308 (14)
30 426 346 (19) 361 (15) 403 (5) 346 (19)
32 493 402 (18) 428 (13) 461 (6) 353 (28)
34 576 485 (16) 539 (6) 364 (37)
36 630 481 (24)
38 726 607 (16)
40 807 609 (25)
Values shown are in square millimeters. Values in parentheses indicate the percentage
change relative to the CarpentierEdwards Physio ring.
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